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Results indicated a contraction of suitable fishing areas in
the main season (September—October) with suitable
temperatures reemerging in November
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Study quantified future shifts in the fishing ground distribution of
common squid in the eastern waters of Korea. Results indicated a
contraction of suitable fishing areas during the main fishing season
(September—October) with suitable temperatures reemerging in
November, delaying fishing ground formation. These findings stress
the relevance of flexible fishery scheduling and management criteria in
response to climate-driven changes in habitat suitability. Photo of
common squid ( Todarodes pacificus) by self (CC BY-SA 3.0,
https://creativecommons.org/licenses/by-sa/3.0, via Wikimedia
Commons).

Rising sea temperatures are a major driver of ecological responses in marine organisms, altering
population maintenance and reproductive strategies, and ultimately leading to shifts
(https://doi.org/10.1016/j.jmarsys.2008.12.017) in habitats or distribution ranges. These responses
vary by species, depending on physiological tolerance and behavioral traits, with species more sensitive
to environmental change exhibiting a greater likelihood of distributional shifts. In fact, changes in the
distribution of various commercially important species have been observed in response to ocean
warming, affecting fishing activities and resource utilization (https://doi.org/10.1038/s41558-024-
02127-7) patterns.

The Korean coastal and offshore waters, particularly the eastern waters of Korea, represent a
transitional zone where the subtropical Tsushima warm current and the subarctic Liman cold current
converge, resulting in pronounced ecological responses to sea temperature changes. Within these
environmental conditions, the common squid (Todarodes pacificus) is recognized as a representative
climate-sensitive species (https://doi.org/10.5657/KFAS.2018.0338). As a short-lived, fast-growing
and highly migratory species, T. pacificus exhibits substantial shifts in its distribution range and fishing
ground centers in response to changes in ocean conditions. In particular, in the eastern waters of Korea,
the species responds sensitively to variations in water temperature and the position of thermal fronts,
resulting in distinct seasonal and interannual differences
(https://doi.org/10.1016/j.fishres.2007.12.009). in the spatial distribution of fishing grounds.
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We hypothesize that the abundance of T. pacificus — as reflected in its catch per unit of effort (CPUE, an
indirect measure of the abundance of a target species) - is influenced by spatiotemporal variability
and sea surface temperature, and that the species exhibits a preferred thermal range, with suitable
habitats expected to shift geographically under future climate scenarios. This hypothesis is consistent
with previous findings for T. pacificus and other squid species in various regions, which have reported
SST and season dependent changes in distribution. The novelty of this study lies in applying this
established ecological framework specifically to the Korean offshore jigging fishery and in explicitly
integrating the preferred thermal range, estimated from standardized, fishery-dependent CPUE, with
scenario-based sea surface temperature (SST) projections from a high-resolution regional ocean model
for Korean waters.

This article — summarized (https://creativecommons.org/licenses/by/4.0/) from the original
publication (https://doi.org/10.3389/fmars.2025.1610859). (Kim, M-J. et al. 2025. Forecasting the
spatial variation of optimal sea surface temperature for common squid (Todarodes pacificus) in the
Korean jigging fishery. Front. Mar. Sci., 31 August 2025, Sec. Marine Fisheries, Aquaculture and Living
Resources Volume 12 — 2025) - presents the results of a study to standardize the catch per unit effort
(CPUE) of common squid in Korean waters, specifically in the offshore jigging fishery, by incorporating
spatiotemporal and sea surface temperature (SST) factors, and to assess future shifts in thermally
suitable fishing grounds.
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Study setup

The overall analytical process in this study consists of five sequential stages: (1) data collection and
preprocessing; (2) spatial clustering; (3) CPUE standardization using a generalized additive model,
GAM; (4) thermal preference estimation; and (5) future habitat projection under a Shared
Socioeconomic Pathway (https:/www.ipcc.ch/report/ar6/wg1/) (SSP. SSP3-7.0) climate scenario.

In this study, a generalized additive model (GAM) was applied to standardize the CPUE of the offshore
jigging fishery for common squid by incorporating operational and SST-related covariates.

Generalized additive models (GAMs (https://doi.org/10.1093/icesjms/fsp105)) are particularly
effective for incorporating multiple factors, as they flexibly capture nonlinear relationships between
environmental variables and spatial structure. Due to these characteristics, GAMs have been widely
applied to fishery survey data to investigate how environmental factors influence the distribution
patterns of marine species. We also estimated the species’ preferred thermal range from GAM analysis,
which was then used to identify suitable fishing grounds under future, projected SST conditions.

For detailed information on the experimental design, and data collection and analysis, refer to the
original publication.
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Data collection and preprocessing
Fishery data (CPUE, effort, location etc.) and
environmental data (SST) 1

Preprocessing: Filtering outliers, missing values,
closed-season data etc.
Jr Spatial clustering

S - = K-medoids clustering using
CPUE Standardization using GAM Iatitude, longitude, and CPUE

Response: log(CPUE) — . - ;

Predictors: Year, Month, Area (categorical), SST ﬁjﬁggfg f;g":;e(;g t'argz,’

(smooth) inclusion as a categorical
} variable in the GAM.

Thermal preference estimation
Suitable range: SST range between zero-crossings
of smooth term
Optimal SST: Maximum effect point in s(SST)

y

Future Habitat Projection (SSP3-7.0)
Use projected SST from ROMS model (2050, 2100)
Overlay with EEZ to calculate the area of thermally
suitable fishing grounds.

Fig. 1: Flow chart of this study.

Results and discussion

This study quantified future shifts in the fishing ground distribution of common squid in the eastern

waters of Korea under a specific climate change scenario (SSP3-7.0), by standardizing CPUE data from

the coastal jigging fishery and incorporating spatiotemporal and oceanographic variables. The

generalized additive model (GAM) used revealed a significant nonlinear relationship between CPUE and
SST, with positive effects observed within the 13-23 degrees-C range.
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Fig. 2: Annual trends in nominal and standardized CPUE for of the
common squid in the Korean coastal jigging fishery from 1994 to
2024. Black dots represent nominal CPUE, while thered line and
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shaded area indicate the standardized CPUE and its confidence
interval estimated using a GAM. Adapted from the original.

The highest CPUE was detected near 21 degrees-C, which was identified as the optimal temperature,
while 13-23 degrees-C was defined as the species’ suitable thermal range. Compared to the broader
thermal tolerance range of 5—-27 degrees-C reported by other researchers, the refined range identified in
this study reflects temperature conditions more closely associated with active fishing grounds. These
results provide ecologically grounded temperature thresholds that can serve as a foundation for
forecasting future habitat suitability under climate change.

Under the SSP3-7.0 scenario, projected SST distributions for 2050 and 2100 indicated a progressive
northward shift and reduction in the spatial extent of areas meeting the suitable thermal range for
common squid during its peak fishing season (September—October). Notably, by September—October
2100, suitable thermal habitats may disappear from the southern part of the eastern waters of Korea,
suggesting potential constraints on the availability of traditional fishing grounds. In contrast, suitable
conditions are projected to reemerge in the southern part of the eastern waters of Korea in November
and remain available through December, implying a possible delay in the timing of fishing ground
formation (Fig. 3).
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Fig. 3: Monthly distribution of thermally suitable range (13-23
degrees-C) for common squid (Todarodes pacificus) in September to
December under three time slices (2024, 2050 and 2100) based on the
SSP3-7.0 scenario, and the fishable area in the eastern Korean EEZ
(red boundary). Adapted from the original.

These results suggest that climate change may not only alter the spatial distribution of squid fishing
grounds but also shift the temporal window of fishing activities. As the fishable area is expected to
contract or shift seasonally in response to ocean warming, adjustments to current fishing practices
may be required. This highlights the need for adaptive strategies, including revisions to fishing seasons,
adjustments in management benchmarks, and the development of predictive, climate-informed
fisheries management.

While the thermal range identified in this study reflects the biological temperature preference of
common squid, it is important to note that the CPUE data used were limited to areas where commercial
fishing operations were conducted. As a result, the estimated thermal preference range may be
influenced not only by the actual ecological distribution of the species, but also by fishing behavior and
gear-specific selectivity. Such biases are inherent to fishery-dependent data, where observed catch rates
can reflect where fishers choose to operate rather than where the species is most abundant. Future
studies should adopt an integrated approach that combines standardized CPUE data with biologically
derived temperature preferences from the literature and fishery-independent data — such as acoustic
monitoring, larval sampling, and seasonal trawl surveys — to improve the precision and ecological
validity of habitat models under climate change.

The thermally suitable range and climate-based habitat projections presented in this study can serve as
foundational information to support more adaptive and forward-looking management. Future efforts
should focus on establishing climate-resilient strategies that incorporate predictive tools, flexible fishing
schedules, and revised resource management criteria. In particular, spatially dynamic seasonal
closures, regionally reallocated total allowable catches (TACs) and habitat-based access regulations
should be considered to more directly address catch declines and shifting squid distributions under
climate change. Additionally, given the transboundary nature of squid distribution, future cooperative
management frameworks — particularly with neighboring countries such as Russia and others — may
be essential to ensure sustainable harvests under shifting oceanographic conditions.

“Could squid aquaculture fill the gap from declining cephalopod stocks in Japan?
(https:/www.globalseafood.org/advocate/could-squid-aquaculture-fill-the-gap-from-declining-
cephalopod-stocks-in-japan/)”

Perspectives

This study standardized the catch per unit effort (CPUE) of T. pacificus in Korean waters using a
generalized additive model (GAM) that incorporated spatiotemporal and sea surface temperature
variables and assessed future changes in thermally suitable fishing habitats under the shared
socioeconomic pathway 3-7.0 (SSP3-7.0) climate change scenario. The model revealed a significant
nonlinear relationship between CPUE and sea surface temperature (SST), with a suitable thermal range
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of 13-23 degrees-C and an optimal temperature near 21 degrees-C. Rather than forecasting future
CPUE values, we applied these thermal thresholds to projected SST, which indicated a northward shift
and seasonal delay in thermally suitable fishing grounds, especially under the 2100 scenario.

These findings suggest that climate change is likely to affect not only the spatial distribution of squid
fishing grounds, but also the timing of peak fishing seasons. As traditional fishing grounds in the
eastern waters of Korea may become unsuitable during the autumn months, suitable habitats are
projected to reemerge later in the season, indicating the need for flexible and adaptive management
strategies. Although the analysis was limited to SST as the sole environmental factor and relied on
fishery-dependent data, it provides a useful basis for identifying future thermally suitable habitats.

Future studies that incorporate broader environmental variables and fishery-independent data could
improve model accuracy and ecological relevance. These results may inform the development of
operational habitat forecasting systems designed to enhance flexibility in future fishery management.

Authors

MOO-JIN KIM

Coastal Water Fisheries Resources Research Division, National Institute of Fisheries Science, Busan,
Republic of Korea

CHANGSIN KIM

Ocean Climate & Ecology Research Division, National Institute of Fisheries Science, Busan, Republic
of Korea

HYUN WOO KIM

Coastal Water Fisheries Resources Research Division, National Institute of Fisheries Science,
Busan, Republic of Korea

https://www.globalseafood.org/advocate/quantifying-future-climate-driven-shifts-in-the-distribution-of-common-squid/?headless...  7/8



12/8/25,3:36 PM Quantifying future climate-driven shifts in the distribution of common squid - Responsible Seafood Advocate

HWAN-SUNG JI

Coastal Water Fisheries Resources Research Division, National Institute of Fisheries Science,
Busan, Republic of Korea

HEEJOONG KANG

Corresponding author

Coastal Water Fisheries Resources Research Division, National Institute of Fisheries Science,
Busan, Republic of Korea

kanghj87@korea.kr (mailto:kanghj87 @korea.kr),

Copyright © 2025 Global Seafood Alliance

All rights reserved.

https://www.globalseafood.org/advocate/quantifying-future-climate-driven-shifts-in-the-distribution-of-common-squid/?headless...  8/8


mailto:kanghj87@korea.kr
mailto:kanghj87@korea.kr

